INTRODUCTION
which increases the number of off targets such that a smaller amount of the probe is available to label PAD2.
To demonstrate their utility in assessing target engagement, BB-F-Yne and BB-Cl-Yne were subjected to competition experiments. Briefly, PAD2-ovexpressing HEK293T cell lysates were incubated with increasing concentrations of either BB-F-amidine or BB-Cl-amidine in the presence of CaCl2 and were then treated with a fixed concentration BB-F-Yne or BB-Cl-Yne. Labeled lysates were "Clicked" with TAMRA azide and probe modified proteins were visualized by fluorescence. Both BB-F-amidine and BB-Cl-amidine dose dependently decrease the labeling of PAD2 ( Figure S6 and S7) by BB-F-Yne and BB-Cl-Yne, thereby demonstrating their ability to assess target engagement.
To further illustrate the versatility of these probes, PAD2-ovexpressing HEK293T cell lysates were treated with either BB-F-Yne or BB-Cl-Yne and then "Clicked" with Biotin-N3 ( Figure 2D ). These lysates were then incubated with streptavidin-agarose beads, washed and probed for PAD2 or biotinylated proteins as shown in Figure 2D . Both BB-F-Yne and BB-Cl-Yne show a similar ability to label and isolate PAD2 ( Figure 2E and F). The small amount of PAD2 isolated in the untreated control may be due to the ability of streptavidin-agarose beads to isolate autocitrullinated PAD2; the urea moiety of citrulline is structurally related to biotin and we consistently observe streptavidin binding to autocitrullinated PADs (data not shown). Note that PAD2 is expressed at ~0.8% of total proteins in our PAD2 overexpressing cell line ( Figure   S8 ).
Chemoproteomics experiments.
Next, we employed a chemoproteomic approach to identify the targets of these two probes. Specifically, HEK293T PAD2 overexpressing cell lysates were treated with BB-F-Yne (25 µM), BB-Cl-Yne (2.5 µM), or DMSO for one hour ( Figure 3A ).
These concentrations were chosen because they correspond to the EC50 values of the parent compounds in cellular citrullination experiments. 46 Labeled proteomes were then "Clicked" with Biotin-N3 in the presence of TBTA and CuSO4. The clicked lysates were then isolated on streptavidin agarose beads followed by on-bead trypsin digestion and subsequent LC/LC-MS/MS. Protein identities were determined by database searches using the SEQUEST algorithm. Relative quantitation of probe labeled proteins in probe and DMSO treated samples was achieved by spectral counting.
Consistent with our Tamra-N3 labeling data, BB-F-Yne selectively enriched PAD2 with few off targets ( Figure 3B and 3D). Figure 3B depicts the difference in spectral counts (ΔSC) between DMSO and BB-F-yne-treated samples for proteins identified in two biological replicates. Proteins along the diagonal are consistently enriched in the BB-F-yne sample and those above one standard deviation (1 SD) are considered statistically significant. Figure 3D depicts the average spectral count data plotted against the probe/DMSO spectral count ratio, which provides a relative measure of probe selectivity. Those proteins with high spectral counts and high probe/DMSO ratios are significantly enriched. Both plots demonstrate the remarkable selectivity of BB-F-Yne.
By contrast, BB-Cl-Yne reacted with PAD2 and a modest number of off targets in this in vitro experiment. These proteins include Heterogeneous Nuclear Ribonucleoprotein U (HNRPU), Clathrin heavy chain 1 (CLTC), Bifunctional glutamate/proline-tRNA ligase (EPRS), Tubulin beta chain (TUBB) and Actin beta chain (ACTB). Most of these proteins are highly abundant, contain reactive cysteines that covalently react with cysteine-targeted electrophiles, and have been found in other proteomic screens. 50 Nevertheless, it is important recognize that PAD2 is amongst the most prominent proteins labeled by BB-Cl-Yne ( Figure 3C and 3E) , thereby indicating the preferential targeting of this protein by both this probe and likely the parent compound BB-Cl-amidine. The lower fold enrichment relates to background binding of PAD2 to the streptavidin beads, which, as noted above, relates to the ability of autocitrullinated PADs to bind weakly to streptavidin-agarose.
Because the proteomic experiments were performed with cell lysates, we next wished to confirm that the identified proteins were labeled in cells ( Figure 4A ). We focused on HNRPU, CLTC), EPRS), β-tubulin, and β-Actin because they were prominent off targets in our chemoproteomic screen. GAPDH and RPL were included as negative controls because they were slightly elevated but the data were not statistically significant. For these experiments, HEK cells overexpressing PAD2 were treated with BB-Cl-Yne (2.5 μM) and BB-F-Yne (25 μM) and then clicked to biotin azide. These concentrations were chosen because they correspond to the EC50 values for BB-F-amidine and BB-Cl-amidine in cellular citrullination experiments. 46 Tables   Table 1. Full image of the western blot along with more experimental details are given in the supporting information. See Figure S10 and S11.
